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from normal glucose metabolism to prediabetes and diabetes, glycemic variability increases. [10] Studies thus suggest that random glucose elevations provide an early warning sign of glycemic dysregulation. [11, 12] In India, the cuisine varies widely across the country according to the region, culture and tradition. [13] The share of energy intake contributed by cereals has been reported to vary from 57% for rural India to 48% for urban India; the contribution of cereals varies across the major states from 42% (Punjab) to 70% (Odisha) in the rural sector, and from 39% (Haryana) to 60% (Odisha and Bihar) in the urban sector. [14] These patterns of food across states and urban and rural areas are likely to have a varied impact on blood sugar concentrations.
There are a few studies that have looked at impaired glucose concentrations and its relation with obesity from some states of India. In a population-based study from southern India, the overall prevalence of dysglycaemia was 3.7%, which increased to 12.7% in girls with abdominal obesity. [15] In a study from North India, the prevalence of impaired fasting glucose and impaired glucose tolerance among obese adolescents was 6.5% and 5.5%, respectively. [16] However, larger multi centric studies across states have not been conducted. Therefore the aim of our study was to assess random blood glucose (RBG) concentrations and risk factors associated with prediabetes in school children aged 3-18 years from 6 major Indian regions. Our specific objectives were: • To assess RBG concentrations in 3-18 years old children from 6 different regions of India including urban and rural areas and to explore regional differences • To evaluate relationship of BMI and RBG concentrations across regions • To investigate selected risk factors associated with elevated RBG in 3-18 year olds.
methoDs

Study design and subjects
This was a part of a multicenter, cross sectional, observational school-based study. Sampling was carried out by adopting a multi-stage stratified random sampling procedure. 
Data collection
Data collection was performed from July 2016 to October 2017. All sites used the same set of measuring equipment which were calibrated daily; glucometers and strips from the same manufacturer were used to assess RBG. All staff received training at the beginning of the study and retraining was performed at each center.
Anthropometry
Height and weight were measured and Body Mass Index (BMI) was computed (weight/height m 2 ) and height, weight and BMI Z-scores were calculated. [18] BMI Z-scores were classified as underweight, normal weight, overweight and obese. [18] Testing for capillary Random blood glucose concentrations RBG Ring finger of non-dominant hand was used to collect blood sample. The finger was massaged for assuring appropriate blood circulation. The finger was then cleaned with a spirit swab (70% ethanol) and pricked with sterile single use safety lancet (https://diabetic24.com/ medisafe-solo-disposable-lancets-1-5mm-29G). The first drop of blood was discarded and the second capillary whole blood drop was used to measure RBG using glucometer strip. The blood drop was placed on a reagent strip and inserted into the blood glucose monitoring system and the reading was recorded. Students with an RBG less than <3.9 mmol/L were advised to have two teaspoons of sugar, followed by a snack. Parents of children with RBG below <3.9 mmol/L and above >7.2 mmol/L were called and children with RBG of ≥11.1 mmol/L were referred to a pediatrician. 
Dietary patterns
Nutrition data from national sample survey for each state for rural and urban areas was used to represent dietary patterns. [19] Food group wise consumption of cereals (wheat/rice/millet/based) and non-cereals (refined/ processed) products were considered to define dietary patterns. These data were expressed as percentage of calories from cereals and miscellaneous foods and beverages; data were considered as a surrogate measure of children's dietary habits [ Table 1 ].
Statistical methods
Data were analyzed using SPSS 25.0 for Windows (IBM SPSS, Bangalore, India). Height, weight, BMI and RBG measurements were tested for normality. Parametric tests for normal variables and nonparametric tests for non-normal variables were used. χ 2 test was used to test the differences in proportions of BMI categories and RBG groups across different regions. To study association of weight status with RBG, correlation analysis was performed. Percentage energy intakes from cereals and miscellaneous foods [ Table 1 ] were used as categorical variables to assess the role of diet in increasing risk for prediabetes. A generalized linear model was fitted to identify risk factors for prediabetes at significance level of P < 0.05. MATLAB 2017a was used to generate resuLts 18853 children and adolescents (3-18 years) from 6 regions (12 sites -6 rural and 6 urban regions were included in the study) were in the selected schools [ Figure 1 ]. Of these, 14474 consented. 16 children were excluded because of chronic ailments, 2 children were found to have blood sugars over 22.2 mmol/L and were further investigated (fasting and post prandial sugars, c-peptide and glycated hemoglobin concentrations), and 117 were excluded as HAZ and or WAZ were ≥5 SD. Thus, data on 14339 subjects (7413 boys, 6926 girls) were analyzed. Table 2 illustrates anthropometric characteristics and mean RBG concentrations in 14339 children and adolescents from urban and rural areas in the 6 centers. There were significant differences between mean HAZ, WAZ, BMIZ and RBG concentrations between most urban/rural areas (P < 0.05). Prevalence of obesity was 5.8%, overweight 10.6%, 74.2% subjects had BMI within reference range and 9.4% were underweight. Overall, 1% children had low RBG (<3.9 mmol/L), 93.7% had RBG in the range of 3.9-7.2 mmol/L and 5.3% had impaired/elevated RBG (>7.2 mmol/L) [20] (Maharashtra 5%, Gujarat 5.3%, Tamil Nadu 11.4%, Punjab 2.6%, Chhattisgarh-3.4% and Assam-2.3%).
To explore the relationship of RBG with increasing BMIZ, tertiles for each of the BMIZ groups (underweight, within reference range, overweight and obese) were computed and mean BMI-Z for each tertile was plotted against mean RBG for each of these groups [ Figure 2 ]. The Pearson's Correlation coefficient between BMI-Z and RBG was found to be r = 0.62 (P = 0.03); with increasing mean BMI, there was an increase in RBG.
To assess region-wise risk of BMI outside the reference range (i.e. <18 kg/m 2 adult equivalent and >23 and 28 kg/m 2 equivalent) and low or borderline high RBG (i.e <3.9 mmol/L and above >7.2 mmol/L), a 3-D scatter plot of the proportion To observe the effects of RBG on BMI, the size of the markers was made to represent the proportion of individuals with low and borderline RBG. The proportion of individuals with low, borderline, and high RBG for each regions were determined by using cut-offs of <3.9 mmol/L, 3.9-7.2 mmol/L and >7.2 mmol/L. [20] Tamil Nadu and Chhattisgarh both fell in the upper left quadrant, indicating that both regions had a higher risk for overweight/obesity. Tamil Nadu was found to have the highest proportion of overweight/obese individuals (16.2% and 10.3% respectively), followed by Chhattisgarh (12.3% and 7.1%, respectively). A two-sample Chi-squared test for proportions was conducted to quantify differences between BMI groups among regions. Children from Tamil Nadu were significantly more likely to be overweight/obese than children from all other regions (P < 0.01). Children in Chhattisgarh were significantly more likely to be overweight/obese than children in all other regions except Tamil Nadu (P < 0.01). Importantly, the marker size of Tamil Nadu was quite large, indicating that RBG outside the reference range, along with overweight/ obesity were prevalent. A similar two-sample Chi-squared test for proportions was conducted to quantify differences between RBG outside the reference range among different regions. Children in Tamil Nadu (both urban and rural) were significantly more likely to have RBG outside the reference range (11.6%) than children from all other regions (P < 0.01). Both Maharashtra and Gujarat fell in the lower right quadrant, indicating that both had a higher risk of underweight.
Maharashtra was observed to have the highest proportion of underweight children (19.1%), followed by Gujarat (13.6%). Children in Maharashtra were significantly more likely to be underweight than children from other regions (P < 0.01). Children in Gujarat were significantly more underweight than children in all other regions with the exception of Maharashtra (P < 0.01). Importantly, the marker size of Maharashtra was also quite large, indicating that RBG outside the reference range along with underweight are prevalent in Maharashtra. Children in Maharashtra were significantly more likely to have RBG outside reference range (8.5%) than children from all other regions with the exception of Tamil Nadu (P < 0.001).
To examine distribution of subjects with BMI and RBG in the reference range, the proportion of subjects with BMI and RBG (in the reference range) was individually calculated and plotted [ Figure 4 ]. Tamil Nadu and subsequently Maharashtra were found to have the lowest proportion of RBG (88.3% and 91.4%, respectively) and BMI within the reference range. Tamil Nadu was found to have a significantly lower proportion of RBG within the reference range than all other regions (P < 0.001). Similarly, Maharashtra was found to have a significantly lower proportion of RBG within the reference range than all other regions except Tamil Nadu (P < 0.001).
Assam and subsequently Punjab had the highest prevalence of RBG (97.4% and 96.5%, respectively) and BMI within the reference range. A two-sample Chi-square test for proportions revealed that the proportion of individuals with RBG within the reference range in Assam was significantly higher than all other regions with the exception of Chhattisgarh (P < 0.001).
We performed multivariate analysis of factors related to prediabetes, viz.; residence, gender, age and BMI category. Male gender, urban residency, age >10 yrs (girls) and >13 yrs (boys), and overweight/obesity were predictive of prediabetes. Dietary patterns indicated that Tamil Nadu and Assam had higher whereas Maharashtra had lower odds ratios for prediabetes (P < 0.05). Similarly, percent calories from miscellaneous foods and beverages showed higher odds ratios for Tamil Nadu, Gujarat and Chhattisgarh for elevated RBG concentrations [ Table 3 ].
DisCussion
In our study population, 1% children had low, 93.7% had RBG in the range of 3.9-7.2 and 5.3% had RBG >7.2 mmol/L. There were significant differences among different regions of the country and also urban children showed a higher risk for elevated RBG. We observed prevalence of overweight to be 10.6% and obesity 5.8%; as the BMI increased, the RBG concentrations increased. Children from Tamil Nadu were significantly more likely to be overweight/obese and were more likely to have RBG outside the reference range than children from other regions. Maharashtra and Gujarat had higher risk of having underweight children. RBG outside the reference range along with underweight were prevalent in Maharashtra. Assam and Punjab had the highest prevalence of RBG and BMI within reference range. Energy intake partly explained regional variations in RBG. Male gender, urban residence, age >10 yrs in girls and >13 yrs in boys, and overweight/obesity were predictive for raised RBG.
In a study on South Indian 5-10-year-old children, authors found that prevalence of prediabetes was 3.7% and diabetes was 0.6%. [21] Prevalence of prediabetes of 4.2% has been reported in adolescent and teenage students from the Middle East, based on RBG measurements; [5] both these results are close to what we found (1.93%). Overweight/obese children are known to have increased risk of impaired glucose tolerance. [22] A Brazilian study concluded that overweight and resistance to insulin in adolescent girls was likely to be a risk factor in development of type 2 diabetes in adult life. [23] In their study, authors found that insulin resistance was the best predictor of plasma glucose concentrations at two hours in an oral glucose tolerance test.
Factors including age, gender as well as socio-economic status have been linked to obesity. The transition from living in a rural vs urban area has been associated with increased levels of obesity due to changes in lifestyles. [24] Rural-urban differences in prevalence of obesity in India have been described by others and similar to our study, higher prevalence of obesity has been found in urban areas. [25, 26] Higher prevalence of diabetes in urban population as compared to rural population also suggests higher blood glucose concentrations in urban populations. [27] We have found higher blood glucose in urban area (6.1% versus 4.7%) than in rural children.
There are some reports of regional differences of overweight/obesity from various states of India. A study by Gregori et al. (to investigate factors responsible for obesity), authors report varying prevalence of overweight/obesity regionally. They found that the prevalence in the South Indian states, Bangalore, Chennai and Hyderabad was 8%, 13% and 28% respectively, while Mumbai and Surat (western India) had 42% and 19% resp., Kolkata (East) and New Delhi (North) had 37% and 11%, respectively. [28] While studies and reports differ in the prevalence of overweight and obesity, possibly because of the cut-offs used for screening for overweight/obesity and the populations selected for studies, what is clear is that increasing prevalence is a definite worry and that there are regional differences thus suggesting that strategies to combat overweight/obesity may have to be different in different regions.
Data on perturbations in regional prevalence of prediabetes in Indian children are scarce. A study on the prevalence of diabetes and prediabetes in Indian adults which was conducted in 15 states of India reports overall prevalence of diabetes of 7.3% and prediabetes of 10.3%. Authors also report variation in prevalence of prediabetes: 6.0% in Mizoram to 14.7% in Tripura, both regions being in the East. Punjab (North) had a prevalence of 8.2%, Gujarat (West) of 10.2% and Karnataka (South) 11.7%. [29] Numbers in current study showed that highest prevalence of prediabetes was in Tamil Nadu (4.5%) and lowest in Assam (0.52%).
The strength of our study is we provide data on RBG on a large sample of children from 6 Indian states, including both rural and urban areas. We believe that we have described regional variations in prevalence of raised RBG in Indian children for the first time. Further, we have explored in detail the relationships between overweight/obesity and RBG in our study population. However, our study has several limitations. Though the study covers a large area of the country, selection of healthy children may have introduced a downward bias in the estimate of prediabetes prevalence. Another limitation of the study is that we used RBG to define elevated blood glucose in place of IFG. However, often, younger children have difficulty in fasting before blood testing. We also did not perform sexual maturity staging, and data on physical activity were collected on a subset, however, we have not considered it in the current analysis. Similarly, dietary data for cereal and miscellaneous food and beverage intake were used from a National nutritional survey rather than from dietary records of individual children.
To conclude, the present study provides data on RBG in a large nationwide random sample of 3 to 18 years old Indian children and adolescents and adds that the prevalence of elevated RBG was 5.3%. The increased prevalence of overweight obesity and the prevalence of prediabetes in Indian children are a matter of concern. Urgent attention is required towards prevalence of obesity and prediabetes in Indian children particularly in adolescents from urban areas. Regional differences suggest that strategies to prevent obesity and combat perturbations in blood sugar may have to be different in different regions.
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